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Reduced renal function in patients with simple renal cysts.
Background. Sporadic renal cysts not associated with genetic
polycystic disorders are common and generally thought to be of
no clinical significance. Since multiple cysts frequently develop
in end-stage renal disease (ESRD), we tested the hypothesis
that cysts that are solitary or few in number are an early mani-
festation of reduced renal function.
Methods. We evaluated 561 hospitalized patients who un-
derwent contrast-enhanced, abdominal computed tomography
(CT) and correlated clinical characteristics and parameters
of renal function with the presence or absence of renal
cysts.
Results. Age ranged from 16 to 100 years, mean serum creati-
nine concentration was 0.88 mg/dL (range 0.4 to 2.1 mg/dL),
and mean estimated creatinine clearance was 94 mL/min/
1.73 m2 (range 22 to 218 mL/min/1.73 m2). The presence of
cysts was significantly correlated with older age (P < 0.001),
higher serum creatinine concentration (P < 0.002), and lower
estimated creatinine clearance (P < 0.001). In a multivariate
analysis, including age and gender, estimated creatinine clear-
ance still correlated with the presence of cysts (P = 0.009).
When patients were grouped by age, estimated creatinine clear-
ance correlated with cysts in patients <40 years and 40 to
59 years, but not in patients 60 to 79 years or ≥80 years.
There was no association of cysts with hypertension or pro-
teinuria. In patients with cysts, serum creatinine increased pro-
gressively but not significantly with cyst number, and did not
correlate with size or distribution of cysts. Renal parenchymal
volume was slightly but not significantly reduced in patients with
cysts.
Conclusion. The presence of kidney cysts, even single cysts, is
associated with reduced renal function in hospitalized patients
younger than 60 years. This relationship may be obscured by
the reduced renal function and the high incidence of cysts in
older patients. These results suggest that acquired cystic kidney
disease may begin early in the course of renal disease and that
underlying renal disease should be considered in individuals
with renal cysts prior to age 60 years.
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Cysts are the most common structural lesion encoun-
tered in adult kidneys. Rarely, these are the manifestation
of genetic disorders such as autosomal-dominant polycys-
tic kidney disease (ADPKD), tuberous sclerosis, and von
Hippel-Lindau disease but in the vast majority of cases,
cysts are solitary or few in number and are not associated
with a recognized disorder. These sporadic cysts are as-
sumed to be acquired although a familial occurrence has
never been investigated. They are rarely observed before
age 30 years and their incidence increases dramatically
after age 50 years [1–5]. Cysts are also more common in
males [1, 3–5]. However, little else is known about spo-
radic cysts and, unless they exhibit some anatomic com-
plexity, they are generally ignored and considered to have
no clinical significance.
Multiple renal cysts commonly occur in end-stage re-
nal disease (ESRD) [6, 7]. This acquired cystic kidney
disease (ACKD) usually develops after initiation of dial-
ysis but can occur beforehand [8], suggesting that it is
a manifestation of renal failure rather than dialysis. The
possibility that this disorder can begin early in the course
of renal disease and that single cysts could be a mani-
festation of underlying renal dysfunction has not been
considered. We initially investigated this hypothesis by
examining a large number of renal sonograms performed
in patients with acute and chronic renal disease [9]. Pa-
tients with cysts (in most cases solitary) had significantly
smaller kidneys than patients without cysts. In the subset
of outpatients, serum creatinine concentration was higher
in patients with cysts, but this was of borderline signifi-
cance. Although these data support the hypothesis that
sporadic cysts are associated with underlying renal in-
sufficiency, most of the patients in this study had chronic
renal disease. Also, sonography has limited sensitivity for
detecting small cysts.
To determine whether sporadic cysts are associated
with reduced renal function in individuals without overt
renal disease, we correlated the presence of cysts with
clinical parameters in a cohort of patients who un-
derwent contrast-enhanced, computerized tomography
(CT) of the abdomen. This test has a high sensitivity for
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cysts and is not performed in patients with severe renal
dysfunction.
METHODS
Patients
Patients were identified from the daily CT schedule at
Emory University Hospital between January 2, 2001 and
November 29, 2001 and between August 19, 2002 and
October 21, 2002. Investigators were not available to
collect patient data during the intervening period. Only
patients undergoing a contrast-enhanced CT scan were
included. The study was restricted to inpatients so that
all measurements of serum creatinine concentration were
performed in the same laboratory. Per the policy of the
Radiology Department, only patients with serum creati-
nine concentrations below 2.0 mg/dL undergo contrast-
enhanced studies. A few patients with ESRD were
scanned but were excluded from this study.
Data collection
The following patient information was obtained from
chart review and patient interview by nephrologists or
nephrology trainees who were unaware of the CT results:
height, weight, baseline serum creatinine, urine protein
and blood (by dipstick), and history of hypertension or
renal disease. In most cases, the baseline serum creati-
nine value was the same as that obtained just prior to CT
scanning but, when serum creatinine varied during the
hospital course, baseline serum creatinine concentration
was judged from the pattern and the clinical situation. A
patient was deemed to have hypertension if indicated on
the admitting note or if the patient was taking antihyper-
tensive medications on admission. A history of renal dis-
ease was obtained from the admitting note. This included
anything referable to the kidneys other than uncompli-
cated urinary tract infections. Axial CT scans with a slice
width of 3 to 7 mm were performed with General Elec-
tric LightSpeed Ultra or HiSpeed CT/i scanners follow-
ing injection of iohexol. The CT scans were reviewed by
a single radiologist who enumerated cysts and measured
their size. Any circular or nearly circular hypodense re-
gion ≥3 mm in diameter in the parenchyma that did not
enhance was considered to be a cyst. This reading was per-
formed independent of the official interpretation so that
the radiologist was blinded to any clinical information.
Cysts were enumerated up to a maximum of three per
kidney. Kidneys with more than three cysts were coded
as 3.5 cysts, so that the maximum number of cysts in both
kidneys was seven. Data were entered into a database
that had separate layouts for entry of clinical and radio-
logic data so that nephrologists and the radiologist were
blinded to each others’ data.
Renal parenchymal volume
Individual images from contrast-enhanced CT scans
were exported as TIFF files into ScionImage software
(Scion Corp., Frederick, MD, USA). The cross-sectional
area of each kidney was traced with exclusion of sinus
fat, vessels, and collecting system but not cysts. Slice in-
tervals of 7 to 10 mm were analyzed. All images were
analyzed for studies performed with a slice thickness of
7 mm. Most other studies had a slice thickness of 5 mm
and every other image was analyzed. For the two studies
with a thickness of 3 mm, every third image was analyzed.
Volume was determined by summing the cross-sectional
areas and multiplying by the slice interval. Cyst volume
was calculated separately from cyst dimensions and sub-
tracted from the total volume.
Analysis and statistics
Creatinine clearance was estimated by the formula of
Cockcroft and Gault [10] and body surface area was es-
timated using the formula of DuBois and DuBois [11].
A composite category of renal disease was defined as
proteinuria, history of renal disease, or an estimated
creatinine clearance <80 mL/min/1.73 m2. Univariate
analysis comparing the characteristics of individuals with
and without cysts was performed with a chi-squared test
for categorical variables and an independent sample t
test for continuous variables. Multivariate logistic regres-
sion was performed using SAS software, version 8 (SAS
Institute, Inc., Cary, NC, USA). A P value of 0.05 was
considered statistically significant. Errors are presented
as standard deviations.
RESULTS
Data were collected on a total of 572 patients, four of
whom were excluded because of incomplete data. Two
patients were excluded because of probable ADPKD.
One patient was a 45-year-old female with numerous
bilateral cysts and subarachnoid hemorrhage from an
aneurysm. The other was a 36-year-old female with
multiple hepatic cysts and at least two cysts in each
kidney. Five patients with solitary kidneys were also ex-
cluded. Analyses were performed on the remaining 561
patients. Baseline serum creatinine concentration could
not determined in one patient and another patient had a
very high estimated creatinine clearance of 253 mL/min/
1.73 m2 that was omitted as an outlier (>4 SD above
the mean). Height could not be obtained in three pa-
tients and they were also excluded from evaluation of
estimated creatinine clearance because of the inability to
normalize for body surface area (BSA). Males comprised
50.3% of the patients and 21.9% were African American.
Clinical parameters on the patients are shown in Table 1.
Although serum creatinine concentration ranged from
0.4 to 2.1 mg/dL, half the patients had a concentration
Al-Said et al: Reduced renal function in patients with simple renal cysts 2305
Table 1. Clinical characteristics of the study population
Mean (± SD) Median Range
Age years 56 ± 17 57 16–100
Serum creatine mg/dL 0.88 ± 0.27 0.80 0.4–2.1
Estimated creatinine 94 ± 38 88 22–218
clearance mL/min/1.73 m2
Table 2. Comparison of patients with and without renal cysts
Patients Patients
with cysts without cysts P value
Number 200 361
Age years 63 ± 15 52 ± 17 <0.0001
(median 64) (median 53)
Male % 57 47 0.038
African American % 20 23 NS
Hypertension %a 57 50 NS
Renal disease %a 28 27 NS
aAnalysis performed on first 436 patients only.
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Fig. 1. Incidence of cysts in each decade of age.
≤0.8 mg/dL, and estimated creatinine clearance exceeded
88 mL/min/1.73 m2 in half of the patients. In some cases
the baseline serum creatinine concentration exceeded the
value obtained prior to CT scanning and thus occasion-
ally exceeded the threshold for receiving contrast agent.
High values of estimated creatinine clearance were noted
in a number of patients and appeared to be the result of
obesity. The Cockroft-Gault formula substantially over-
estimates creatinine clearance in obesity, but use of ideal
body weight produces a substantial underestimate [12].
Since there was no difference in body mass index (BMI)
between patients with and without cysts, we did not at-
tempt to correct for obesity.
Kidney cysts were present in 36% of the patients and
the characteristics of these patients compared to those
without cysts are shown in Table 2. Consistent with pre-
vious findings, patients with cysts were significantly older.
No cysts were seen below age 20 years, and the incidence
increased linearly with age thereafter (Fig. 1). Patients
with cysts were more likely to be male, and the incidence
Table 3. Parameters of renal function in patients with and without
renal cysts
Patients Patients
with cysts without cysts P value
Serum creatinine mg/dL 0.92 ± 0.27 0.85 ± 0.26 0.002
(median 0.90) (median 0.80)
Estimated creatinine 80 ± 31 102 ± 39 <0.0001
clearance mL/min/1.73 m2 (median 74) (median 97)
Proteinuria %a 44 44 NS
aAnalysis performed on first 436 patients only.
Table 4. Multivariate logistic analysis of the correlation between the
presence of renal cysts and age, gender, and estimated creatinine
clearance
Odds ratio P value
Age 1.028a 0.0003
Estimated creatinine clearance 0.991b 0.006
Gender 1.52c 0.016
aPer year; bper mL/min/1.73 m2; cper male gender.
of cysts in males was 40% compared to 31% in females.
There was no correlation with race, with African Amer-
icans having an incidence of cysts of 33% compared to
36% in non-African Americans. Although the incidence
of hypertension was greater in patients with cysts, the dif-
ference was not statistically significant. A history of renal
disease was not associated with the presence of cysts.
Parameters of renal function are shown in Table 3.
Baseline serum creatinine concentration was significantly
higher and estimated creatinine clearance was signifi-
cantly lower in patients with cysts. Proteinuria was not
more common in patients with cysts. Because both age
and gender are used to calculate estimated creatinine
clearance, additional analyses were performed to ver-
ify an independent relationship between cysts and renal
function. Multivariate analysis using age, renal function,
and gender as variables revealed that all three were inde-
pendently associated with the presence of cysts (Table 4).
In this model, the odds of having one or more cysts in-
creased 2.8% per year of age and 0.9% per mL decline in
estimated creatinine clearance. The relationship between
cysts and renal function was also analyzed independent of
age by stratifying age by 20-year intervals (<40, 40 to 59,
60 to 79, and ≥80 years). As shown in Figure 2, estimated
creatinine clearance was significantly lower in patients
with cysts in the two youngest groups, and these differ-
ences remained significant (P < 0.05 and P < 0.02) in
a multivariate analysis that included gender. In the two
oldest groups there was no difference in renal function
between patients with cysts and those without. However,
there was a substantial decline in renal function in these
age groups that could have masked the association with
cysts.
Cysts were multiple in 52% of cases and bilateral in
37%. More than three cysts were present in 31 patients
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Fig. 2. Estimated creatinine clearance in different age groups of pa-
tients with and without cysts. Number of patients with and without
cysts in age group were as follows: age < 40, 17 and 95; 40 ≤ age < 60,
64 and 149; 60 ≤ age < 80, 94 and 106; 80 ≤ age, 26 and 15.
Table 5. Number and distrubution of cysts
Solitary Multiple Unilateral Bilateral
Number 97 103 126 74
Age years 60 ± 15 66 ± 14a 61 ± 15 65 ± 15a
Male % 59 54 56 58
Serum creatinine 0.92 ± 0.27 0.93 ± 0.30 0.92 ± 0.28 0.94 ± 0.28
mg/dL
Estimated creatinine 87 ± 34 74 ± 27a 84 ± 33 75 ± 27b
clearance
mL/min/1.73 m2
aP < 0.01; bP < 0.05.
(16%), and six patients (3%) had more than three cysts
in each kidney. To determine whether the number or
distribution of cysts was of any significance, patients
were grouped according to whether cysts were solitary
or multiple or whether cysts were unilateral or bilateral
(Table 5). Estimated creatinine clearance was lower in
patients with multiple cysts or bilateral cysts but this dif-
ference disappeared after correction for age. The corre-
lation between serum creatinine concentration and the
number of cysts is depicted in Figure 3. Although none
of the differences are significant, there is a consistent in-
crease in serum creatinine concentration with greater cyst
number. There was no correlation between serum creati-
nine concentration and age (not shown). Maximum cyst
diameter ranged up to 4.8 cm (mean 1.2 cm) and did not
correlate with estimated creatinine clearance (data not
shown).
To determine whether the presence of cysts correlates
with renal mass, renal volume was measured by summing
cross-sectional areas from transverse CT images. Since
this is a lengthy process, only the last 53 patients with cysts
were used for this analysis. Cysts, sinus fat, vessels, and
collecting system were excluded in order to determine
renal parenchymal volume. In most cases cyst volume was
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Fig. 3. Serum creatinine concentration as a function of cyst number.
Error bars, standard errors.
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Fig. 4. Renal parenchymal volume in patients with and without cysts.
Lines indicate means.
insignificant, accounting for 0.7% ± 1.8% (SD) of total
parenchymal volume). The intraobserver and the inter-
observer variabilities for this measurement were 3% and
8%. Two patients were excluded because of significant
structural abnormalities (subcapsular hematoma, pelvic
kidney) and images could not be obtained in two oth-
ers. Each of the remaining 49 patients was matched to
a patient without cysts on the basis of age, gender, race,
and BSA. As shown in Figure 4, volume was slightly, but
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not significantly reduced in patients with cysts (410 ±
20 mL vs. 434 ± 23 mL, mean ± SE). The difference was
also not significant by paired analysis.
DISCUSSION
In this study of hospitalized patients, simple renal cysts
were associated with older age, male gender, and reduced
renal function as judged by estimated creatinine clear-
ance. The prevalence of cysts was similar to that reported
in prior CT surveys [2, 4] and the strong association with
age is consistent with previous reports [1–5]. The predilec-
tion for males was not as strong but is also consistent with
previous reports [1, 3–5]. The novel finding in this study
is the reduced renal function in patients with simple cysts.
In the absence of a direct measure of creatinine clearance
or glomerular filtration rate (GFR), estimation of crea-
tinine clearance using the Cockcroft-Gault equation [10]
was used as an indication of renal function. This equation
performs better than other estimations in patients with
normal or near normal serum creatinine levels [13]. Po-
tential problems with estimation of creatinine clearance
include the use of age and gender (both determinants of
cysts) in the formula and the overestimation of creati-
nine clearance in obese patients [14]. The correlation of
cysts with renal function persisted in a multivariate anal-
ysis that accounted for both age and gender and there
was no correlation between BMI and the presence of cysts
that could have explained the lower estimated creatinine
clearance in patients with cysts (data not shown).
The potential confounding influence of age was also
addressed by examining renal function after stratifica-
tion by age. While this confirmed a relationship between
renal function and cysts, the relationship was limited to
patients below age 60 years. The reduction in estimated
creatinine clearance was approximately 10% in these pa-
tients and the mean value remained in the normal range.
Thus, the relationship between cysts and renal function
exists in the normal range of renal function, suggesting
that cysts may be an early marker of renal impairment.
It is not clear why this difference did not persist after age
60 years. The strong influence of age alone on both cyst
prevalence and renal function may have obscured the
weaker correlation between cyst prevalence and renal
function. Furthermore, since renal function was already
reduced in older patients without cysts, a further reduc-
tion associated with cysts could have produced a serum
creatinine concentration above 2.0 mg/dL and precluded
a contrast-enhanced scan. The fact that serum creatinine
concentration did not increase with age does not support
this but it is possible that patients with mildly elevated
creatinine levels were not referred for CT scans.
Other markers of renal disease, specifically protein-
uria and hypertension, did not correlate with the pres-
ence of cysts. However, proteinuria was determined by
dipstick from random urine samples without measure-
ment of urine creatinine and, since these were hospital-
ized patients, could have been influenced by intercurrent
disease and alterations in urine output. Hypertension is a
common diagnosis and is not necessarily associated with
renal disease. A previous study found a greater incidence
of cysts in patients with hypertension [15] but this was al-
most certainly due to a greater incidence of renal disease
in the patients with hypertension [16]. Anecdotal data
suggest that renal cysts can cause hypertension [17] but
this appears to be a very unusual occurrence. Our data
from a large number of patients establishes that there is
no association of renal cysts with hypertension.
Despite the fact that the presence of cysts was associ-
ated with reduced renal function, there was no significant
correlation between the number, size, or distribution of
cysts and renal function in patients with cysts. Although
renal function was reduced in patients with multiple or
bilateral cysts, this could be explained by the older age
of these patients. However, serum creatinine concentra-
tion, which was independent of age, increased with cyst
number. The differences were not significant but the con-
sistent trend suggests that a relationship exists. Again the
confounding effect of age may be obscuring this relation-
ship as well. Renal parenchymal volume was only slightly
reduced in patients with cysts and this was not statistically
significant. We have previously demonstrated a reduc-
tion in kidney size (based on sonographic measurement
of maximum kidney length) in patients with renal cysts
[9], but many of these patients had levels of renal func-
tion that would have precluded the contrast-enhanced
scanning used in the current study. It is possible then that
the correlation of cysts with reduced renal size is a later
event associated with significant renal dysfunction. Since
tubules comprise the bulk of renal mass, early loss of
nephrons associated with cysts could be masked by tubu-
lar hypertrophy. Alternatively, a relationship between
renal mass and the presence of cysts could have been ob-
scured by the substantial variability in renal parenchymal
volume despite the effort to match patients. This is less
likely since the observed 6% reduction in renal parenchy-
mal volume was substantially less than the expected 12%
reduction based on the 4% reduction in kidney length
observed in the previous study.
There are several limitations that affect the interpreta-
tion of these data. Because subjects were inpatients, they
may have had acute illnesses that could have altered renal
function. Thus, despite efforts to select a baseline creati-
nine level, this may not have accurately reflected the true
baseline renal function. Because hospitalized patients are
more likely to have chronic illnesses as well, the results
are not necessarily applicable to the general population.
In addition to obesity, the presence of edema, cachexia,
and volume depletion can introduce significant errors in
the estimation of creatinine clearance. While this almost
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certainly contributed to the variability of the data, it is
unlikely to have imposed any bias since there is no evi-
dence that renal cysts are associated with or predispose
to these conditions.
Kidney cysts are common and, provided that they are
not complex or associated with a polycystic disorder, are
thought to be of no clinical consequence. All of the cysts
in this study were interpreted as simple cysts but we can-
not rule out that the possibility that some of the cysts
were the manifestation of a genetic cystic disorder such
as ADPKD, tuberous sclerosis, or von Hippel-Lindau dis-
ease. ADPKD can present as isolated cysts, but almost
always at a young age. Cysts in the other disorders are
usually associated with renal tumors, which were not en-
countered in any of the patients. All of these disorders
are associated with renal failure late in their course and
could not explain the association between cysts and renal
function observed in this study.
The mechanism that links kidney cysts to age and renal
function is unknown but is likely due to aberrant tubular
growth. Loss of nephrons increases the workload of the
remaining tubules, presumably leading to stimulation of
growth as evidenced by the tubular hypertrophy that is
known to occur [18]. This would be expected to increase
the likelihood of aberrant growth that may lead to cys-
tic changes [19]. Microscopic tubular dilation, the proba-
ble precursor of macroscopic cysts, is known to occur in
early renal disease [20]. Our results also raise the possi-
bility that the increased incidence of cysts with age may
be a manifestation of the progressive nephron loss that
occurs with age [21–23]. Although there were patients
over age 60 years with cysts and an estimated creatinine
clearance in the normal range, this does not exclude un-
derlying nephron loss. Alternatively, since tubular epithe-
lium is continuously being regenerated in normal kidneys,
age may simply increase the likelihood of aberrant cyst
formation.
The possibility that isolated renal cysts are associated
with early renal dysfunction has not previously been con-
sidered. It is possible that this association is the earliest
manifestation of ACKD, the multicystic disorder associ-
ated with advanced renal failure and dialysis [24]. How-
ever, ACKD usually develops after initiation of dialysis
and may represent a separate phenomenon. ACKD has
been reported to be more frequent in African Americans
[7] but no correlation with race was observed in the cur-
rent study. Whether or not it is an early manifestation of
ACKD, the finding of reduced renal function in patients
with isolated cysts suggests that such patients, particularly
if younger than 60 years, should be screened for renal
disease.
Reprint requests to Dr. W. Charles O’Neill, Emory University, Renal
Division WMB 338, 1639 Pierce Dr., Atlanta, GA 30322.
E-mail: woneill@emory.edu
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